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•• Abstract 
The author's experience in the field of applied work measurement plus 
-~ 
exposure to a variety of work measurement 1;terature precipaJted an aware-
ness of the presence of the hypothesis in question. n,;s hypothesis: a 
direct correlation exists between methods changes and related productivity 
changes in non machine-controlled work situations, appeared to be at the 
root of many problems in applied work measurement. Therefore, the author 
decided to conduct an objective, quantitative analysis of its validity. 
The investigation described in this thesis includes three major phases: 
(1) A cohesive introduction to the history of work measurement 
required for an adequate understanding of the investigation. 
(2) A development of the nature and magnitude of the problems involved. 
(3) A statistically valid, quantitative analysis of the results of 
the investigation. Each segment of the investigation placed 
singular emphasis on structuring a comprehensive, object;ve 
test of the subject hypothesis. 
All raw data used in this investigation was collected from three 
different industrial situations. The author believes this data is represen-
tative of that found in a variety of applied work measurement situations. 
Recognition was g;ven to the importance of the qualitative factors 
(sociological, psychological, etc.) involved in worker-work situations. 
An analysis of the results of this investigation indicated that there 
is no evidence to support the hypothesis in question. This conclusion 
mandates a re-evaluation of much of current industrial wage payment practice • 
...... 
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Statement of the Problem 
Much of current industrial wage payment practice, applying to 
production workers·, is based on the hypothesis that a direct correla-
tion exists between methods changes and related productivity changes 
in non mach;ne-controlled work situat;ons. lnis thesis deals with the 
validity of such a hypothesis. 
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Introduction and Background 
Introduction 
I" 
The concept of specifying the amount of· wor·k to be perfor~ed by 
a worker is not new. In 1500 e.c. (approx.) the ruling Pharaoh of Egypt 
ordered the Israelite slaves to continue to make the required 11number 11 
of bricks.1 However in addition to meeting the required task, they 
had to begin to gather their own straw.* 
This incident in ancient Jewish history is apparently one of the 
earliest forerunners of what we now call a standard time for an operation 
and a methods and staodards change. The Israelites' situation also 
included the notion of an incentive to meet the task. 
if they didn'tl** 
They were beaten 
In 1760 another milestone was laid in the history of work measure-
ment. A Frenchman, Perronet, used time s-~es to arrive at a standard 
of 494 pieces per hour for the production of No. 6 common pins.2 In 
1833 Charles Babbage described the established procedure and time standard 
for making No. 11 conrnon pins in England. Workers were paid on the 
basis of this standard. 3 
.Jhese incidents from history show that those whom we have come 
to call management have long had an interest in the output of the people 
working for them. Part of this interest has, in fact, been a desire 
dJ 
for a specific standard of performance by which workers could be~evaluated 
---------------
*Th;s account was verified by two different archaeologists: Naville 
in 1883 and Kyle in 1908. See Henry H. Halley, Bible Handbook, 20th 
ed., Chicago, 1955, P• 117. 
**As used here 11;ncentive11 is taken in its broadest context - that which 
induces one to action. 
'. ·.' ...... ':'·. 
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and paid. In the Israelites• case the pay consisted of the necessit;es 
of life and elimination of beatings! 
Essential Conc~~ts 
The remainder of th;s section will outl;ne the development of several 
concepts required for an understanding of the results of th;s invest;ga-
t;on. Tile concepts to be discussed are: 
(1) A standard method for performing an operation. 
(2) A standard t;me for perform;ng an operation.using a standard 
method. 
(3) Work measurement techniques. 
(4) TI,e nature of changes occurr;ng in the standard method and 
standard time. 
(S) Performance rat;ng of an operation performed in accordance 
w;th a standard method. 
(6) Incentives as applied to the area of work measurement. 
The development of these concepts w;11 be traced from their inception 
to the present time. 
Taylor's Formali-zation of Work Measurement Concepts 
In 1903 Frederick w. Taylor presented his famous paper, 11Shop Manage-
ment••, at the Saratoga meeting of the AoS.M.E. In it he outlined the 
principles_; as he conceived them, of the sc;entific approach to manage-
ment.4 In the index to a published version of the paper, Taylor said, 
11The writer's chief object in writing this pa·per is to advocate the 
accurate study of how long it takes to do work~ or Scientific Time Study, 
as the foundat;on of the best management.••5 
. ' 
• I 
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The main thrust of Taylor's paper was twofold: 
(1) To expose, as deceitful and ignorant, any wage payment system 
where a worker was paid on the basis of a work standard deter-r= mined by a supervisor's guess.6 
(2) To promote the establishment and application of work standards 
based on t;me measurements taken with a stopwatch. 7 
' Taylor advocated breakin·g a job into elements, timing each element 
several times and adding the average times of each element to determine 
the total standard t;me to perform a job. He recognized the differences 
which exist among \tl0rkers 1 abilities to perform a given job. He said 
that a standard should be based on the performance of a 11first-rate man" 
who had been trained to do the job under consideration.8 However, he 
did not establish any procedure for evaluating a particular worker's 
performance as compared to that of a first-rate worker. In addition 
he supported the idea of paying workers in proportion to their perform-
ance against such a work standard. 
Taylor's work is generally recognized as the genesis in a new era 
J of work measurement. He formalized three of the concepts mentioned 
above: 
" (1) A systematically determined performance standard (standard 
time) for a job. 
(2) The notion of a monetary incentive paid for performance abeve 
this standard (earl;er practitioners had applied incentives 
to arbi trari 1 y determined ••piece a-ates••). 
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(3) r;me study as a 1«>rk measurement technique.9 
Gi 1 b·reths I Work on Standard Methods 
• In addition to codifying the concepts of a standard, a direct incen-
tive and time study, Taylor hinted at the notion of an established method 
(procedure) for performing a job. This is evidenced by his 1; sting 
of the "Principles of Scientific Management••. He entitles the second 
pri nc; pl e - "Standard Condi ti ons 11 • 1 O 
However,- the keystone work on the concept of an established method 
for performing a task was done by Frank B. Gilbreth and his wife, Lillian M. 
Gilbreth. The crux of the Gilbreths 1 work was to study the motion patterns 
involved in performing a manual task. These motion patterns were broken 
~~ · 11 down into ••fundamental motions". Then the optimum motion pattern 
was synthesized by combining the required fundamental motions. In their 
book, Applied Motion Study, the Gilbreths thoroughly expound the con-
cept of developing a standard method of performing a manual operat;on. 
They also outlined the proper technique for making changes in such a 
standard. 12 
It should be realized that the val;dity of the Gilbreths' work at 
this point rested on the assumption that there was one best set of motion 
patterns for all workers performing a given job. This concept is still 
very prevalent in the theory and practice of motion study today. 13 
Some psychologists have objected to the idea of a one best way·for a 
group of workers to perform a given task. Their objections rest on 
the fact of individual differences among people. Mundel says that the 
'> 
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d; fferences between alternative methods is usually so gross and the 
requirements of individuals so minute that the one best way is usually 
preferable for all workers involved. 14 He does not document.this con-
e 1 us ion or support i t wi t,h any exper i men ta 1 data. However, ; t seems 
intuitively reasonable as a general;zed assumption. 
,, 
Developments in Work Measurement Concepts by 1940 
The discussion in· this subsection trJi 11 be 1 i mi ted to changes in 
the concepts as originally developed by Taylor and G;lbreth. In addition 
the nature of changes ;n a standard method and a standard time and perform-
ance rating will be discussed. 
Between 1920 and'!, .. 1940 there were three men, who, in addition to 
Mrs. Gilbreth, had a pronounced effect on the development and applica-
tion of work measurement and methods theory and practice. They were 
Stewart H. Lowry, Harold B. Maynard and c. J. Stegemerten. Much of 
current ;ndustria1 practice ;n the methods and work measurement area 
is traceable to their work.* 
The thrust of the work of Lowry, Maynard and Stegemerten was an 
emphasis on an organized approach to methods study and work measurement. 
In genera 1 they endorsed the worl< of Taylor and the Gi 1 breths. Their 
approach can best be appreciated from the following quote about the 
a;ms of work measurement and methods study: 15 
To subject each operation of a given piece of work to a close 
analysi~ in order that every unnecessary operation may be elim-
---------------
*This conment is based on the author I s discussion with a number of 
industrial eng;neering practitioners - both at the academic and indus-
trial level - and the obvious appearance of many practices recommended 
by Lowry et al ;n their book, Time and Motion Studx• 
:\: 
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1nated and in order to determine the quickest and best method of performing each necessary operation; also to standardize equipment 9 m~thods~ and working conditions; then, and not until the~~ to determine~by scientific measurement the number of stanudalrd hours in which an avera·ge man can do the job. 
They recognized that changes would occur in the established method 
of performing a particular job. These changes occur either by des;gn 
· on the part of the worker or management or by chance alone. Their point 
was that a standard method must be maintained by continually monitoring 
methods and time standards. They felt that the best way to discourage 
workers from making adverse changes (changes which lowered product;on) 
in an established method was to base the workers• pay on performance 
; n accordance with the one best method. 16 
In addit;on to adding structure to the methods stud·y function, 
dealing-with the problem of changes in a standard method and the related 
time standard, Lowry and his associates dealt w;th the problem of evalu-
ating a worker 11 s performance. They concurred with Taylor's notion of 
an average \«>rker. They sa;d., 11 The average perfo·rmance is established 
by definition and not statistically and represents the t;me~stud~ man's 
conception (underlines mine) of a normal standard wor~ing performance 
which may reasonably be expected from anyone qualified for the work 
at hande«• 17 In the same discussion they said that a superskilled worker. 
can produce about 15% more than an average worker using the same effort 
and under the same conditions and method. They established a procedure 
for rating a worker's performance and applying this rating to the deter-
m;nation of a standard - 111eve1ing11 o Their procedure recognized a possible 
range of performance from 40% below iiormal to 25% above normal. 18 
J 
, ., 
'· 
-9- ~ 
In evaluat;ng the work of Lowry, Maynard and Stegermerten, one 
should realize ·that they were basically practit;oners, not theorists. 
Lowry and Stegermerten were assoc;ated with Procter and Gamble and West• 
inghouse respectively. Maynard was a consultant •. 
From 1940 to the Mid 19501s 
During this period, work measurement received much attention from 
both academicians and industrial people. In fact, ;t probably received 
more attention from the industrial engineering profession than any other 
single area. The activity associated with determining the best method 
for performing a job was rigor·ously structured. Some minor differences 
in approach appeared. However, the major emphasis was the same - an 
organized approach to investigating, establishing and maintaining the 
one best way to perform an operation.* 
Performance rating, with its many ramifications, was accepted as 
an established practice. Several techn;ques, in addition to time study, 
were developed for setting time standards. TI,ese techniques included 
standard data, predetermined elemental time data and work sampling.** 
More recently regression analysis and linear progranvning have been 
recognized as techniques that are applicable for setting standards in 
' "' 
• • • 19 certa1n s1tuat1ons. 
---------------
*For a complete description of the field of motion study and the dif-
ferences and similarities in approach used by different practitioners, 
the re~dar is referred toi Marvin Eo Munde1i op cito and Ralph M. 
Barnes 9 ~1oti@fnl ~nd Tirne St{bfid · g Desi n and Measl!Jf'ement of ~!ork, 5th ed., 
New York l} John t1i 1 ey & SofiilS s, 19 3 o 
**For a disc~ssion ~nd evaluation of these topics the reader is referred 
to either: Munde1 9 op cit~ Barnes, op cit, Niebel, op cit or Edward v. Krick, Methods Engineering, New York, John Wiley & Sons, 1962. 
'\. 
;' 
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Marked emphasis was placed on develop;ng and applying work me,sure-
ment practices that were statistically valid. This was particularly 
true of the research on the work sampling technique.* This research 
" 
indicated that basic sampling theory was the necessary tool to develop 
statistical validity in work measurement practices. This realization 
· was a breakthrough. It could have spearheaded the development and appli-
, 
cation of a truly_, scientifically valid approach to the field of"work 
measurement.** However, while some of the development took place, it 
is the author's experience that there is a marked lack of application. 
Many industr;a1 practitioners know little more about statistics and other 
quantitative techniques than they knew t\tlenty years ago. And unfortu-
nately some don 1 t seem to care.' This situation will be discussed more 
fully in the section entitled, The Nature of the Problem. 
Current Status of the Concepts 
The period since the mid 1950 1 s has been marked by a distinct decrease 
in the continued development of work measurement theory and practice. 
Only six of the forty-two articles in a·-recent series on research in 
<-> 
---------------
*See for example, Robert E. Heiland and Wallace J. Richardson, Work 
Sampling, New York, McGraw-Hill Book Co., 1957. 
**As used here the term nnscientifica11y valid approach11 is o·ne which 
applies scientific pri~cipies to the entire work measurement inter-
face area= including the psychologicai, sociological and physiological 
factors ir, addition to the overt physical factors. 
H ·~ 
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industrial engineering have any significant bearing on work measureme"t'-':t! ··- ~l 
This ;s understood since the scope of the profession is broadening. 
JJ However, this diversification by the profession in no way removes from 
the industrial engineer his unique responsibility for providing and main-
taining work standards. Since valid-work standards are essential for 
control of an enterprise, the industrial engineer must perform the work 
measurement function whether he likes it or not.* And while soph;sticated 
quantitative techniques are often useful in developing standards, their 
20 usefulness rests on the validity of basic data. This data must be 
collected by some fundamental measurement technique. These remarks 
apply regardless of the basic work measurement techn;que (i.e. - time 
study, M~, Work Factor, etc.) used. 
It would, therefore, appear that the field of work measurement 
has reached a plateau. In arriving at this point, 1r10rk measurement 
has undergone a codifying proc~ss. The follow;ng definitions of the 
concepts 1;sted earl;er in this section have emerged from this process:*** 
---------------
*See, Jhe Journal of Industrial Engineering, New York, Vol. XVII, No. 11 (Nov., 19&6J and Vol. XVIII, No. 1 (Jan., 1967)e These two volumes were devoted to a survey of current research in industrial engineering. 
**A d;scussion of the way i~ which the i~dustria1 engineer originally acquired this responsibi~ity is beyo~d the scope of this thesis. It is ·a matter of history left to the re~der. 
***These definitionsp except Noo 3, are based on those listed in: Robert L. Wi 11 i ams s, ux ndOJJs tri a 1 Engineering Termi no 1 ogy Manua 1 '1, The Journa 1 of Indus tr i a 1 Engi neer i ng=' New York, \lo 1 o XVI, Noe 6 (Nov. -Dec • , 1965) • TI,is manual covers 16 pages and ;s ;nserted after page 376 of The Journal. 
:\ 
.. 
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(1) Standard Method - An established procedure for performing 
an operation. It includes specif;cation of work place lay-
out, working conditions, materials, equipment, tools and motion 
patterns. 
(2) Standard Time - 1·1A unit time value for the accomplishment of 
a work task as determined by the proper application of the 
appropriate Work Measurement Techniques.•• 
. (3) Nature of Changes in the Standard Method and Standard r;me -
Changes occur in the standard method either by design - on the 
part of management or the worker - or by chance. Changes in 
the standard time can only be made by management. Both classes 
of changes must be monitored and controlled. 
(4) Performance Rating - The determining of an estimate, based 
on the rater's concept of normal performance, of the ratio 
of a worker's output to the standard output established for 
a specific task. 
(S) Incentive - Motivation of a 11«>rker toward performance above 
standard by providing additional remuneration for this perform-
ance. The determination of the amount of this remuneration 
is usually based on some systematic procedure. 
(6) Work Measurement Techniques - Various procedures for determin-
ing the standard time to perform an operation in accordance 
with a standard method. 
- ...... ,,.,,,-, ............ , .. , .. ~ -,, --~, .. , .. ·--·~·": .. ~·· ._' 
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The relation of these concepts to the_problem a~ea ;nvestigated 
~ in 'this thesis wi 11 be d; scussed in the sec ti on, The Nature of the 
Problem. 
TI,reads of Discontent 
The work of Taylor and the G;lbreths was built on an underlying 
assumption. n,;s assumption was that all \\Orkers can be mot;vated by 
money - in fact, that money ;s the chief means of motivating a worker. 
The notion of more work for more pay was a requisite for the success 
of early work measurement systems. Much of the theory and practice 
in current work measurement plans descended from Taylor and the Gilbreths. 
Therefore, this notion is still the foundation of many systems in use 
today. 
The acceptance of these early systems is history. Many companies 
adopted them in some form. However, they did not go unchallenged. There 
was an undercurrent of opposition - sometimes loud, sometimes quiet -
but always present. And in his later years, even Taylor hinted at mis~ 
givings about some of his approach.* 
During the 1930 1s an exper;ment incorporating a series of inquiries 
;nto the "human effect of work and working conditions•• was conducted 
at Western Electr'.ic 1s Hawthorne plant.21 One of the outcomes of the· 
experiment was a realization that many factors beside money influence 
---------------
*See. Frank B. Copley, Frederick w. Taylo; New York, Harper and Brothers., 1923, Vol. 1 and 2. 
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a worker's product;y;ty. A later evaluation of the-Hawthorne stud;es 
• 
supported the earlier conclusion that money is often much less a mot;-
vator than other factors in the work en-vi ronment. 22 
From this it would appear that some worl< measureme.nt systems might 
not be accomplishing their objective or at least are not functioning 
as they were intended. Th;s will be discussed in the next section. 
-'.'< 
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lhe Nature of the Problem 
e,eg; nni ngs 
It was stated earl;er that the hypothesis: a direct correlation 
exists between methods changes and related productivity changes in non 
machine controlled work situations, is prevalent in industry. lhe objective 
of this thesis is to investigate the validity of such a hypothesis. 
The fact that such a hypothesis exists, although it is probably not 
explicitly recorded anywhere, will be discussed here. 
Under a comment on Taylor's work, it was indicated that a requisite 
for the success of his work measurement system was the notion of 11more 
work for more pay11 • It is evident that he assumed a worker would exert 
his full potential on any particular job for which he was qualified 
if he were offered the proper financial incentive.* By definition any 
part;cular job included a specific job on which the method was changed.23 
·such a situation can be vie~sed ;as either a single job where the method 
has been changed or two different jobs for which the \«>rker ;s qualified. 
One 1s point of view does not affect the basic assumption that a worker 
w;11 consistently strive to earn maximum pay. 
Visualize Taylor's reasoning in the familiar format often assoc;ated 
with a geometry theorum: 
---------------
*This assumption is woven through the fabric of Taylor's early work at Midvale Steel Co. and Bethlehem Steel Co. See the Bibliography for reference. As used here the term, 81assumptionu, means a hypothes;s based on intuitive reasoning and not quantitatively substantiated. 
----- -
Given 
... 
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(1) Any given. worker will work at his full potent;a1, ·On a par-
ticular job, if he is offered the proper financial incenti·ve. 
(2) Under Taylor's system financ;a1 ;ncentives \\'ere applied only 
to jobs wt,ich had a properly established standard method and 
standard time. 
Therefore 
A one to one correspondence, subject only to measurement error, 
(perfect correlation) should exist between a methods change and 
a related productivity change on any job that is not machine con-
trolled. ·Stated another w~y, if we know how much the method was 
changed on a given job, we should be able to predict, subject only 
to measurement error, the productivity change for a particular 
worker performing that job. 
One might acknowledge that this hypothesis was implicit in Taylor's 
.·work but deny ;ts existence today. Consider the following evidence. 
Development and Definition 
In 1954 MacRae H. Curtis, Plant Manager, The C.harles Parker Co., 
Mer~iden, Conn., published an article entitled, •·•rime Standards and 
24 Methods Charagesue The article discussed the exist;ng status of indus-
trial wage payment systems. It reported a survey of 316 manufacturing 
companies which indicated that 78% of their wa~e incentive .Plans had 
failed or developed major weaknesses.* Mr. Curtis ;mplied that these 
---------------
*This writer places no particular si gnif;cance on the 1178%11 as it ; s 
not supported by any data. The report is merely cited to evidence that problems existed in wage payment plans even in a time when work measure-
ment was at its\ zenith. -
_.SJ i--a ........................................................................................................ .... 
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systems f'ailed because they were not properly administered and maintained 
rather than because of any inherent fallacies in the systemso He further 
implied support of the hypothesis under d;scussion. The thrust of his 
presentation was that it is both possible and practical to properly 
administer methods and standards changes. Thereby one can reap the 
. I 
full benef;ts of productivity increases associated with improved methods. 
An article appearing in 1955, entit]ed 81Incentive by Chance?u, 
reported existing problems in wage payment systems. The article stated 
that there was an acute disparity between theory and practice in u;ndus-
trial incentives''• It said, 
Exist;ng theory states, in effect: 'The reason employees 
do not work as hard as they can is that they do not share 
in the benefits that r~sult from their hard work; therefore 
given a f~ir ~~d equitable opport~nity to profit i~ direct 
propo~tio~ to the effort they e~psnd 9 they can b® e~pected 
to produce at the highest level they can comfortably sustain.• 
Alas ®~perience r~ports~ in effectg 0Given a f@ir ~~d equi-
table opport~nity s~bstantia1]y to increase their earnings 
by meastllring their' efforts 9 th® ti-sor&<®rs t"iiiU~ 111ot orii]y fCilil 
to yield~ significant portion of the effort of which they 
are cap@ble 9 but wi1] (a) d~vote aby~dant ~ffort ~nd ingenu-
ity to devising ways of beati~g the system~ (b) will develop 
a litigious attitude tow~rd any time study which does not 
~ave a comfortab~e margin of error in theiF favor~ (c) will 
tend to develop new (and ~ower) ethic~1 standards with respect 
to such pr~ctices as paddi~g time caFds» and accumu1ating ~ 
banks of comp~~ted prodOJcts.9 airad (d) develop a histi1e atti-
tude tow@rd the Management which (tnth the best of intent;ons) 
is making the inc~eased rewards possib1eo 0 
Throughout the article it is implied that the hypothesis in question 
i 
;s ;ndeed prevalent but that it is invalid. In fact the above quote 
seems to indi~.ate the author believes ;t not only invalid but detrimental 
to sound labor-management relations. A discussion of the mer;t of the 
alternative suggested ;n the art;cle is beyond the scope of th;s thesis. 
i..'.----'----~,--: --···:··· 
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A Paradox 
The s;tuation just described should not appear paradoxical.· In 
the section on Introduction and Background, the point was discussed that 
current work measu~ement systems are~ largely based on principles laid 
down by Taylor, the Gilbreths, Lowry, Maynard and Stegermerten. These 
principles imply the hypothesis under discussion. The Hawthorne experi-
ment indicated that money probably wasn 8 t the worker's prime motivation --
, I 
at least in a number of cases -- and hence; people might not work to the;r 
full potential in all situations no matter how large the financial incen-
tive. Therefore, it seems plausible that the hypothesized correlation 
might not exist because of transient motivational factors in the work 
situation. If this is true, problems wi11 logically occur in a system 
based on a hypothesis as inflexible as that under discussion. . 
The paradox is that during a time when subs tan ti a 1 effort was being 
devoted to work measurement theory and practice (see From 1940 to the 
Mid 1950 1s in the Introduction and Background) little recognition was 
g;ven to problems whic~ appeared to rise from an unqualified acceptance 
~f money as the chief ~tivation and the hypothesis in question.26 
A few people were grappling with the probtem. 27 But. all their work 
succeeded in producing, in the broad realm of practice, was a dichotomy: 
there were the enlightened few who \«!re trying to solve the problems 
and the oblivious many who were proceeding as ~f nothing were wrong • 
.. 
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The Problem Today 
At this point one might agree that this hypothesis in question 
d;d exist in the 1950 1s and that there were some practical problems 
/ 
to be solved. However, most people probably feel that the situation 
must have been remedied by now. There is strong evidence to the contrary. 
In an article decrying the current use of financial ;ncentives 
in industry, Eo B. Watmough said that tremendous problems exist in wage 
28 payment practice throughout industry today. He said these problems . 
were largely caused by inadequate administration of wage paym~nt plans 
rather than by any inherent deficiences in the plans themselves. How-
r" 
ever, he believed the problems to be of such gross magnitude that it 
might be advisable to scrap all direct payment incent;ve plans. 
This last article seems to evidence the current existence of many 
problems in ;ndustr;a1 wage payment pract;ce.* Two questions sti 11 remain: 
(1) Does the hypothesis, a direct correlation exists between methods 
changes and related productivity changes in non machine-controlled 
situations, still prevail in 1967? 
(2) Is this hypothesis valid? 
Two art;cles substantiate the ex;stence of the hypothesis in 
question.29 
.. 
---------------
*The term wage payment plan (system or practice) is used to denote the 
system by wh;ch a company reimburses its employees. Whenever the term is used in this thesis, it is understood that any methods study and time study involved in the subject system were conduct~d in accordance 
with the definitions previously described. 
'),. 
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The first article concerns research which was conducted at the 
University of Michigan under a contractual agreement with the MlM Associa-
t . .,,. 1on.n The following quote is taken from the conclud;ng sect;on of the 
article; 
TI,is study on learning curves has resulted in a methodology 
.. that can be used to predict the specific times for a given 
cyc1e 9 the number of cycles to standard, the average time for a specified number of cycles~ ando••• 
TI,e object of the research was to develop a technique that was applicable 
for determining the amount of time for a specific individual operator 
to reach a certain level of productivity on a given job.,'t* This assumes 
that the operator in question will try to reach his potential level of 
productivity and that he will do so regardless of changes in the method 
of performing his job. 
·oll The second article ;s concerned with developing an index of the 
.effectiveness of a methods study and standards department; It is based 
on the increase in labor productivity achieved through a concerted methods 
improvement program. It recognizes that workers may not increase their 
productivity in a one to one relationship with an improvement in method. ~ 
~ . 
----------------
*Some of the articles cited above discussed problems in situations where stop watch time study was the basic measurement toolo In this article, M114» one of the leading systems of predetermined elemental times is the b~sic m~~sur~ment too~o Therefore~ it should be obvious that the existence of the hypothesis in question and accompanying problems is dependent of the work measurement tool used. 
**This writer accepts the general theory of learning curves (e.g. as 
"'" ., applied to the aircraft industry) as a valid facte Howevef.,, as dis-cussed in the article in questionj Hancockus conclusions require a direct correlation between methods ch~nges and related productivity changes for their va1idityo This ~riter reserves judgment on this hypothesis until after evaluating his industrial investigation. 
:," ·, 
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However, the validity of the entire techn; que rests on the hypothesis 
that some direct correlation (although the author adm~ts the index of 
correlation may be less than one) does exist between methods changes 
and related productivity changes in non machine-controlled work situa-
Next there is the question of the validity of the hypothesis in 
question. Gr~ves recently reported a study which has considerable bear-
ing on the question. 30 In the article h~ presents 11A different view 
of the nature of man". This view classifies people into broad person-
ality groups based on their reaction to authority, drive for power, 
social status, etc. Furthermore, people are said to either move from 
one group to another as they grow older or to fixate in a specific group. 
Professor Graves says his research shows that people in certain person-
ality groups absolutely cannot work for people in certain other person-
ality groups. Therefore, as a given person shifts from one group to 
another, his productivity may grossly deteriorate. If such a shift 
occurred during a period of methods changes, there would be no way of 
predicting a given worker's productivity. Hence Professor Graves would 
conclude that the hypothesis in question is not val;d at any level beyond 
a specific worker-work situation over a short period of time. 
Finally, consider the evidence furn;shed by Wi11Jam Ganberg. Gomberg \". ', 
,' --~ .. -..... 
is widely recognized as somewhat of a sage in the field of labor-management 
relations. He generally believes that ~oney ;s a very str·ong motivator. 
He further believes tha~ the establishment of a performance standard 
• 
1'. . • • ·,· .. • . ' '.:~' ,'•, . 
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cannot be isolated from the wage to be paid -- both in amount and method 
of paymento 31 Follow this reasoning to its conclus;on. When a method 
is changed, the standard associated w;th it is changed. This means the 
quantity of work (usually measured in pieces per hour, etc.) the worker 
has to perform, to maintain constant wages (and constant productivity 
as a per cent of standard} across a methods change, is altered. Accord-
ing to Gomberg 1s reasoning and the evidence of the Hawthorne experiment 
(ref. 21 and 22), such a methods change could alter a worker's level 
of motivation.* Therefore, productivity across a methods change could 
not be predicted. In fact, Gomberg says that before any productions 
can be made about future happenings in a work situation, a state of 
• . 1 1 • 32 I h h 1 d stat1st1ca contro must ex1st. twas sue an awareness tat e 
th;s author to select this specific thesis topic. 
·sunnary 
It should be ev;dent from the above discuss;on and documentation 
that the hypothesis in question exists and its existence appears to 
present a definite problem in applied work measurement situations. 
Furthermore its validity has been the subject of much discussion. 
Evidence has been cited both to support it and to disprove it. But 
---------------
"' .- -- ( 
*Note that this is contrary to Taylor 1s thinking as discussed earl;er-in this section. 
:\ 
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this evidence has been based on conjecture and intu;tion.* · The rema;nder 
of this thes;s will deal with a stat;stica11y valid, quantitative investi-
gatio~ of the hypothes;s, a direct correlation exists between methods 
changes and related product/ivity c.hanges in non mach;ne-controlled work 
situations • 
.. 
"J-. 
?· 
,' 
I,," ·~ ~ 
---------------
• t' 
*Abruzzi devotes a substantial part of two books: Abruzzi, Adam, Work Measurement, New York, Columbia University Press, 1952 and Work, Workers .. and Work Measuren,ent, New York, Columbia University Press~ 1956, to the investigation of statistical stability in industrial work situations. However, he never defines and tests the hypothesis in question • 
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Experimental Procedure 
Introduction 
The investigation described in this thes;s was developed to enable 
a quantitative analysis to be made of the hypothesis under discussion. 
Data was collected from existing industrial situations rather than 
from a well defined and controlled experimental situation. TI,ere were 
three reasons for choosing this approach. 
(1) It would clearly be beyond the scope of this thesis, ;n both 
time and cost., to attempt to establi-sh a controlled enviorn-
ment in which methods changes could be made and subsequent 
behavior of workers observed. 
(2) Even if such an experiment were feasible, it would be impossible 
to include and control all relavent independent variables • • 
In fact, it would probably be impossible to identify all the. 
revalent independent variables, much less simulate and con-
trol them. 
(3) Any sfmu·lat;on would require knowledge about the relation 
being investigated under the hypothesis in question. 
It should be·recalled that the th~sis opened with the statement, 
••Much of current industrial wage payment practice •••• 11 It is this author's 
objective to ;nvestigate the hypothesis in question in several indus-
trial situations rather than from the viewpoint of insulated theory. 
The justification for this approach is based on the ready admission by 
industrial psychologists of a lack of any unifying., proven theory of 
L. 
human behavior in industrial situations (see ref. 30). Therefore, it 
~··!. -
• 
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' 
is impossible to find a starting point for·estab1ishing a contto11ed 
experiment. In view of this the real world situation was accepted as 
/ 'I -, 
' 
a dynamic experiment in process. Sampling of this process was conducted. 
In short the lack of a basis for induction has forced the use of deduc-
tion. lnis may trouble a student of the physical sciences. However, 
it ;s the most pragmatic approach to the situation under consideration. 
Outline of the Procedure 
The procedure followed in this investigation included the follow-
ing steps: 
(1) Establishment of the criteria required to evaluate the hypoth-
esis in question. 
(2) Determination of independent variables required to meet the 
criteria. 
(3) Selection of industrial situations where data on the ;ndepend-
ent variables was available. 
(4} Specification, of a data collection procedure. 
(5) Collection of data. 
(6) Coding of data. 
(7) Statistical analysis of the data to evaluate the hypothesis. 
These points will be discu·ssed in detail below. 
The Procedure in Detail 
' \ 
cr;teria. The hypothes;s in question has been described as: a direct 
correlation exists between •••• Direct correlation is treated here in 
,-) 
the statistical sense. Therefore, statist;cal criteria will be used 
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to determ;ne the va1idity of the hypothesis. If the fo11ow;ngcondi-
tions hold, the'hypothes;s will be accepted. If not, ;twill be rejected. 
(1) Data for performance, both before and after a significant 
methods change, for a given worker in a specific job situa-
tion must have come from the same population.* 
(2) n.e d;stributions of performance vs standard, both before 
and after the methods changej must exhibit normal variability. 
It should be apparent that a lack of variability is evidence 
of outside control. Such control invalidates any conclusions 
which require a random process for their validity. 
(3) The magnitude of the correlation of the predicted change in 
productivity, across a methods change, to the actual change 
in productiv;ty must be h;gh.** 
---------------
*;-In all cases the dependent variable in this ;nvestigation was produc-
tivity against standard. J 
... 
**High correlation is defined as that with a correlation coefficient 
near one (1.0). This condition requires determination of both the 
~predicted change and the aet~a1 changeo The latter is e~sy to deter-
mineo As W@S M®~ti@n®d ®@r~i®r it is p~r cent performa~ce ag~inst 
the new st@~darclo D~terminatio~ of the predieted ch@nge is more 
diffic~it t@ ~sc@rtai~o E~eh p~~nt i~vo1v®d in this st~dy h~d an in-
centiv~ ra1te t-Jhich th~ ©1Var~g@ t"Jorker ~raas ®~pected to ealrrn ( see Intro-
duction Q.8nder Arna~ ysi s of Resu~ ts) o Hot"saver:, performance under the = 
-~ 
old standard (befora th® methods cha~ge) i~Jas oft®n far firom the e,,pected 
valueo But since this expected performance is undarstood 9 by both 
managem®nt and labor~ to be th~ target performance for al~ jobs on . 
, incentiv® 9 it w~s ~ssYmed to be the pr~dicted parformanc~ ~fter a 
methods ch~ng® (a11 b~t one of the elev®~ operations st~died ware 
on ince~tive)o Therefore 9 the correiation of actYai performance to 
th;s predicted performance is a measure of the correlation between 
the predicted change in pro~uctivity and that actually encountered. ,, . 
,. ·•. -' ··' • ,J-,. • ,.•_-~:-::; r • • ' 
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Independent Variables 
In the introduction to this section the impossibility of enumerat;ng 
all relaven~ independent variables was pointed out. Therefore, the 
independent variables c~osen were those that are clearly def;ned in 
an industrial situation. It should be evident that the prob1am is to 
show whether or not the correlation ;n question exists on a broad bas;s. 
For it is on such a basis that work measurement systems function. They 
are established for an agglomeration of worker-work situations, not 
for individual situations. Therefore if there is no general direct 
correlation, there is in effect - as far as industry is concerned -
no direct correlation. That is, isolated direct correlation in specific 
cases does not help a general problem. Therefore, if direct correlation, 
on a broad scale, cannot be found on the basis of a few independent 
var;ables, it logically cannot be found at all. lhe addition of more 
independent variables to increase the correlation will only serve to 
produce higher correlation ;n a smaller sphere. And a tightly restricted 
sphere is of little value to the industr;a1 wage payment practitioner. 
Thus--the fo11owing independent variables were chosen: 
(1) 
(2) 
(3) 
(4) 
Company 
Plant 
; 
' Union status 
Product .l 
(5) Operation on the pioduct 
(6) Worker 
( 7) Labor grade ~·: . . 
.. 
J( ,J-c' " 
.. 1.·· ;,, :t 
~ I .... ; 
I • , 
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(8) Class;f;cation of worker's abilitY* 
(9) Per cent of machine controlled time 
(10) Work measurement system 
.. 
It should be apparent that inclusion of variables (4) through (8) 
has somewhat limited the general applicability of any results. In view 
of the d;scussion above, addition of further independent variables would 
render the results practically useless. 
Industrial Situat;ons 
The industrial situations chosen were selected on the basis of 
availability of data about the independent variables and dependent 
var;able. Eight companies were originally approached. Five of these 
were visited to investigate the availability of data. Of the five 
visited, two were selected as sources of data for the investigation. 
A description of the companies chosen (and specific plants within these 
companies) follows. 
Company A 
Company A is a medium sized corporation.~4* They produce a variety 
of light domestic and ;ndustrial equipment. Two of this company 0s plants 
were selected as sources of data (hereafter designated as Company A-1 
' 
and Company A-2). 
---------------
' ' 
( . 
*Tilis classification was made on a subjective basis by the foreman ;n-volved in a given situation. The large error tn such a class; fication is recognized. But such a classification is better than noneo 
**As used here •·tmdium sized11 means about $100 mi 1 lion annual sales • 
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Company A-1 ;s ;n a large,(~astern industr;al area. 
shop in an area ,~f other un;on shops and skilled workers. 
It is a union 
It has a 
long history as a producer of a stable line of quality products. It 
is the descendant of one of the oldest plants in the company (dating 
' 
' 
from the late 1800 1s). Although the plant has been moved, many shop 
practices carry over from the past. 
Company A-2 is a non=union shop in a rura1, m;dwestern farm area. 
It ;s a comparatively new plant and is about tw;ce as large as Company 
A-1. 
Both plants manufacture similar products and service essentially 
the same market. Their technology and product perspective are similar. 
Both plants use both a predetermined elemental time system and 
stop watch time study to establish time standards. The predetermined 
system is one of the more CORlnon ones in use. The personnel administer~ 
ing the system 9 in both plants, have been trained, in formal courses, 
by consultants from the firm which owns the'rights to the system. These 
Q.' 
plant personnel have also had considerable experience w;th other general 
. ,. 
work measurement techniques. They periodically use SAM films and other 
widely accepted techniques to keep current in work measurement practice. 
~ In general they are regarded as very competent in understanding and 
applying work meas~rernent techniques. 
Company B 
Company Bis also a medium s;zed f;rm. They produce a wide var;ety { 
of metal products. One of their plants, located in a large, eastern · 
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industrial area, was selected as a source of data. The plant is a non-
• un1on 
in an 
shop employing workers 
area_. where union ~ops 
i'1ith a variety of skills. It is located 
are numerous. 
This plant also uses a popular predetermined elemental time system 
to establish work standards. However, this is not the same system used 
by Company A.,'t 
The qualifications of ;he personnel administering the work measure-
ment system at 8 are similar to those mentioned above for A. In general, 
the pe~sonn~l are well qualified, competent work measurement practitioners. 1' 
All three plants have established work measurement systems. Under 
these systems an ••average operator", working on an operation which ;s 
on incentive, is expected, with good skill and effort, under normal .con-
ditions, and following the standard method, to be able to perform this 
operation at an established level of incentive performance.** This 
level is different for different plants.*** However once this level 
. has been established, all work measurement standards are developed so 
ei" I 
---------------
*The systems are not named here as it ;snot part of the objective of this thesis to draw any conclusions about the merit of these 
systems. They are accepted as part of the existing conditions. 
**For support of this philosophy, see Maynard, H.B. (ed.), Indus-trial Engineerin~ Handbook (2nd ed.), New York, McGraw-Hill Book Co., 1963, po 5- 6. 
•~*This level is either unilaterally specified by management or mutually negotiated by labor and management. 
i~ . 
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that an average operator, under normal cond;tions, is expected to be 
able to ma;ntain this performance on a11 operations.* 
Given this reference point performance (as a per cent of standard) 
across a me~hods change should remain constant (excluding chance var;a-
tion) if there is perfect correlation between-methods changes and pro-
ductivity changes in non machine-controlled work situations. This is 
so because a "fOrk measurement practitioner will design the standards 
. (both before and after a methods change) for a given operation so that 
the average operator can attain the established incentive rate.-kir For 
(1 example, if the established incentive rate is 120% of standard, all 
standards will be designed so that an average operator can earn this 
rate. Therefore, his performance should remain constant (with;n the 
limits of chance variation) across a methods change. And productivity 
should increase in direct proportion to the increase in the standard. 
The work measurement personnel, at the plants involved in th;s 
investigation, affirmed that it was their objective, in the operations 
'\. 
that were studied, to design standards under the new method so that an 
average operator could earn the expected incentive rate.~'rn- Therefore, 
this rate was taken as the best estimator of predi,cted productivity. 
The results obtained in this investigation w;11 be di·scussed in relation 
to the estimator. 
---------------
*In specific situations, except;ons to this are sometimes planned. 
**Many situations are encountered where this obviously is not the case. 
***At A-1 the expected ;ncentive rate is 133 1/3% of standard, at A-2 
120% and at 8 133 1/3%. 
'-· 
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Data Co11ection Procedure 
The data collection procedure was bu;lt around a set of data require-
ments. This set of data requirements was designed to supply reliable 
data about the variables ;n question. The set of data requirements is 
as fol lows. 
(1) All operations studied must be less than 45% machine controlled.33 
(2} The operation must have been in existence at least six months 
in an established work situation.* 
(3) Workers performing the operation must be qualified (they must 
have attained expected proficiency and received compensation 
for performing the .operation in question).* 
(4) The operation must have been performed in accordance with an 
established standard method both before and after the method 
change. 
(5) The operation must be covered by an engineered standard time 
consistent with the method in effect. Worker's compensat;on 
must be based on this standard and made in accordance with 
the wage payment system in effect at the particular plant. 
(6) Accurate producti_on methods must be avai 1ab1e for performance 
against the standard (dependent variable} both before and after 
a given methods change. 
---------------
*TI1ese requirements were included to insure (as much as possible) a 
well structured, clearly defined, job situation. 
0 
,\• 
l 
I 
. i ! . 
! 
I 
I 
i 
i 
.. 
! 
\ 
! 
• 
,. 
. ,• ······ " -· 
...;,._. ...... ·:--'.': .' ·, 
If 
.... 
-33-
(7) Only operations where changes occurred in: 
(a) Hand and body motions 
.(b) Tools, workplace and equipment 
(c) Raw material 
. 11 b • d d f h • • • • 34 w1 e cons1 ere or t 1s 1nvest1gat1on. 
A form, the Data Collect;on Form (see following page), was used 
to serve: 
(1) As a means of record;ng data about the variables in quest;on 
for operations meeting the above requirements ;nan actual 
industrial situation 
(2) As a bas;e for later statist;cal evaluation 
TI,e general procedure followed in co11ect;ng data on this form 
;ncluded several steps. 
(1) An operation was selected which met the above requirements. 
'• ·..,_.: .. 
(2) A check was conducted to see if the necessary data were available. 
(3) If the data were available the optimum procedure for retriev-
ing it from files was determined. 
(4) The data was collected and recorded on the Form • 
Actual Data Collection 
The actual data col lect.;on covered a period of four months. It 
was performed by this author and by several of the personnel associated 
with the·work measurement function ;n the plants involved. In all cases 
it was found to be easier (because of the nature of the files involved) 
to record the data on intermediate forms and then transfer it to the 
final Form • 
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All available ;nformation relavent to the data collected is recorded 
either on the Data Collection Form or on supporting documents· (see Appe.nd;xes 
A and B). 
Coding of Data and Statistical Analysis 
TI,e data was coded.in various formats depending on the statistical 
technique being used in a particular phase of the analysis. This coding 
is in accordance with accepted statistical practice.* The various for-
mats used can be seen by reading the Discussion of Results and by study-
ing the supporting calculations in the Appendixes. 
The statistical analysis included a number of techniques. These 
·, 
. 
were integrated to provide a meaningful test of the hypothesis in question. 
In general {with some exceptions) the procedure was as fo11ows. 
(1) Calculate means and standard deviations of the distributions 
of performance versus t;me. 
(2) Test to see if data before and after methods change came from 
the same population. 
~ (3) Test for a significant difference between mean performance 
under old and new methods. 
(4) . Examine variability of the distributions of performance. 
(5) Test for runs ;n the data. 
---------------
*See for example, Miller, Irw;n and Freund, John E., Probabilitx and Statistics for Eng;neers, Englewood Cliffs, N. J., Prentice-Hall, Inc. 1965. 
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(6) Calculate correlation of actual increase to predicted increase 
in pr~ductivity across a methods6change.* 
Stnmary 
It appears that the Exeerimental Procedure outlined above provides 
a meaningful, analytical approach to accomplishing the objective of 
this thesis -- a valid investigation of the hypothesis in question. 
An analysis of the results obtained follows in the next section. 
::-,_; . ~ 
' 
---------------
*Calculation of an actual correlation coefficient was not feasible. 
This ;s discussed in the Analysis of Results. 
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Statist;ca1 Analysis. 
F Tests 
'" 
ANALYSIS OF RESULTS 
F Tests were conducted on the data for ·all operations investigated 
(with one exception discussed belot,1). The standard deviation of perform-
ance under the old method was compared to that under the new method.* 
\ 
' 
This was done to determine whether or not the data for both samples 
could have come from the same parent population. If they could, further 
statistical analys;s was performed. If they could not, the situation 
was considered out of statistical control and no further statistical 
analysis {with the exception of run tests) was performed on the oper-
ation under consideration. 
Before conducting the F Tests, it was obvious that comparisons 
could not be made between performance under the old method and new method 
for Company A-2, operator 2, Hand Assembly Operation. TI,is was because 
a change had been made in the basic work measurement system between. 
the old and new methods (see note on Data Collection Form~ Appendix A). 
This represented a change in a major independent variab1eo The only 
obvious result in this particular situation is that performance under 
the new method was closer to the expected incentive rate than perform-
ance under the old method (but performance under the old method was 
not on incentive). 
______ .... _ .. ____ _ 
*D~ta gathered under each method was asst.111ed to be a sample from some parent population. 
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F Tests performed on the other ten situations studied indicated 
that one of them, Company A-1, operator 189, Calibration Operation, 
could not be considered in further statistical analysis.* However, 
;t is interesting to qualitatively consider this particular situation. 
Performance under the new method increased in steps from 185% to 192%. 
Then it suddenly dropped back to the 170 1s. Such a situation would seem 
to suggest a lack of randomness within the sample. This will be dis-.. 
cussed further under Run Tests. 
The nine remaining situations were subjected to~ Tests to investi-
gate the difference between mean performance under old and new methods.** 
~ Tests 
i Tests were conducted to determine whether or not a significant 
difference existed between the mean performance under the old and new 
methods. If no significant difference was present, it was assumed that 
the means were essentially the same. If,, a significant difference was 
present, it was assumed that the means were not essentially the same. 
Tilen it was determined whether the mean performance under the new mett.lgd 
---------------
*A run test was performed since such a test is only concerned with the 
randomness w;thin one sample, not with the comparisons between samples. 
**In es~ence a significant difference between sample standard deviations indicates a lack of statistical control in the situation under investi-gationo Statistical control is required if an experiment is to be 
repeatedo The majority (9 out of 11) of the situations investigated in this thesis e,thibited statistical contro1o Therefore!) it is not 
only possible to perform further statistical analysis on those situa-t;ons exhibiting normal statistical control, but it is al.so possible to repeat the investigation of it if it is desired. 
·i .• ,····-· 
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was closer to or farther away from the expected ;ncentive performance 
than that under the old method had been. 
Of the nine situations tested, three exh;bited no significant 
d;fference between the sample means (mean performance under the old 
and new methods). Of the six showing a significant difference between 
the sample means, four exhibited performance under the new method closer 
to the expected performance than that under the old method had been. 
Two exhibited the opposite effect. 
Variability of Performance 
A study of the results in Appendix B shows that there is often a 
significant difference between the standard deviations of performance 
for different operations which have essentially the same mean perform-
ance (also see graphs on the following page).* For example, consider 
. 
Company A-2: Hand Assembly Operation, New Method, (S=B.54) or Operator 
2, Winding Operation, New Method, (S=t .83) as opposed to Company\B: 
Operator F, P-P Operation, New Method, (S=22.40) or Operator B, P-P 
' 
Operation, New Method, (s=27.56). A statistical analysis (F Test) 
would indicate that comparison of either of the situations from Company 
8 with either of those from Company A-2 was invalid because of the 
significant difference in sample variances.· The obv;ous interpretation 
---------------
'I 
•Tbis is obvious from a study of Appendix Band a knowledge of the F Distr;bution. Therefore, spec;fic tests were not conducted • 
• 
' : ,.\·: 
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Graphs of Actual Performance Versus 
' . 
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• 
is that even though the sample means are essentially the same, the 
samples could not have come from the same populat;on. Therefore, they 
can't be compared. 
This raises a question about normal variabil;ty of performance 
for a given operation under esta'blished incentive conditions. Two 
alternative answers appear. First, if there is an underlying normal 
variability for all incentive situations, then clearly one or more, 
or all of the examples just cited did not exhibit this normal variability. 
Secondly, if there is no underlying normal variability, then each specific 
worker-work situation (or some similar group of such situations} must 
be considered as a separate entity. Either case raises a problem for 
the practitioner trying to predict performance under a New Method. 
In the latter case, since every situation or group of situations must 
be considered as a separate entity, the practitioner has no idea what 
variability to expect under a proposed method (since each ~ituation 
is unique, he has no a-priori knowledge). In the former case the prob-
lem of determining this underlying normal variability still remains 
(no adequate quantitative determination appears in the literature).* 
_____________ .. __ _ 
*It was noted earlier under the Introduction to the Discussion of Results 
that the expected incentive rate at a plant would be considered the 
best estimator of predicted performanceo Reca11i however, that a best 
estimator implies expected value of mean performanceo It does not 
imply anything about expected variability of performance~ As used 
here, 00adequate88 means in accordance with accepted experimental sta-
tistics based on an eJ.... = .05. 
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At this point it should be noted that the 11 Hterature", while not 
indicating the precise magnitude of normal expected variability, if 
such a thing exists, suggests that the variability of performance on 
incentive operations is usually large. Earlier under Introduction and 
Background, it was indicated that Lowry et al recognized a possible range 
of variability of 65%. Mundel is in general agreement with such a posi-
tion.33 Therefore, even though the existence of any underlying normal 
variability (and its magnitude) has not been determined, it would appear 
that one should not usually encounter extremely small variability. In 
fact, extremely small variability would seem to be evidence of external 
control. This control could be due to any external factor, particularly 
influences exerted on the operator or by the operator. 
On this basis external control seems to be present in some of the 
situations studied, especiat ty Company A-2, Operator 1, Winding Opera-
tion (see Appendix B). 
The situations dhcussed in this subsection; namely, 
(1) The presence of significant differences between the variability 
of performance for different operations and 
(2) The presence of extremely smal t variabi 1i ty in some particular 
operations 
suggest two things. Tilese are: 
(1) No consistent pattern of variability existed throughout the 
investigation. 
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(2) wt,;le a major;ty of the individual s;tuat;ons were in statis-
tical control, the situation viewed as a whole was not. 
Tes ts for Runs 
If a study of the results exhibited in Appendix A suggested a lack 
of randomness in the data, a run test was conducted to confirm this 
suspicion (run tests were conducted only if sample size was large enough). 
Of the three situations tested, one, Company A-1, Operator 189, Calibra-
tion Operation, clearly exhibited a lack of randomness (this situation 
was mentioned earlier under F Tests). This test plus a qualitative 
investigation of the situation indicate distinct, external control on 
the part of the operator. The fact that performance increased in a 
linear fashion (see graph on following page)* to 192%, then suddenly 
dropped to the 170 1s suggests the interjection of some outside environ-
mental influence in~o the situation at this point.** 
An analysis of Appendix B suggests that this phenanenon may be 
present, under the New Method, in some of the other situations investi-
gated. However, samp 1 e s i ~es were too sma 11 to enab 1 e cone 1 us i ve testing. 
The apparent ;ndication at this point is that a lack of a random 
process, perhaps caused by operator control, is present in some of the 
;ndustrial situations studied. This supports the discussion in the 
preceeding subsection. 
---------------
*This graph is supported by a computer run. The print out is on file in the author's person~l files. 
**Performance at this point was clearly outside of the limits of the regression line based on data up to this point. 
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Correlation 
Any quantitative determination of a sample correlation coefficient 
requires a sample of pairs of random variables.* Most basic correlation 
,. 
theory is based on the assumption tha.t these random variables are dis-
tributed according to a bivariate normal distribution. The fact that 
there is no proven estimator of any broad underlying normal variability 
of performance was mentioned earlier. TI,erefore, it is impossible for 
a work measurement practitioner (or anyone else) to predict the vari-
ability of performance, with any fixed degree of confidence, for a given, 
proposed new method. It is also clearly meaningless to a~sume that 
there will be no variability in performance. Therefore, known corre-
lation techniques cannot be.used to calculate a meaningful sample corre-
lation coeff;cient for actual performance versus predicted performance. 
Because of this, conclusions about the hypothesis under investiga-
tion in this thesis must be based on the statistical tests described 
earlier. A summary of these tests follows in the next section. 
Summary 
F Tests indicated, for nine of the eleven situations investigated, 
that performance under the new method came from the same population 
as performance under the old method. -{ Tests applied to these nine 
situations indicated that in six of them performance under the new method 
---------------
*Here correlation is understood to be single correlation, not mu1t;p1e correlation. 
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was significantly· different from performance under the old method. Of these six, four exhibited performance under the new method closer to the predicted performance than was performance under the old method.* The other two s;tuations exhib;ted the opposite effect. 
These results clearly do not constitute sufficient statistical 
evidence to say that performance under the new method was any closer to that expected, in a given work situation, than was performance under the old method.** Appendix B indicates that performance under both 
old and new methods was often far from that expected. In one situation, Company A-2, Operator 189, Calibration Operation,.average performance 
was about 39% above that pred;cted under both the old and new methods. Run tests indicated that external operator control of performance (control above that associated with a random process) was present in \ I, 
at least one of the situations studied. Analysis of the data in Appendixes A and B suggests that it was present in some of the other situations 
as well.*** An application of the principles of F Tests ind;cated sig-
n~f;cant differences in variability between operations having essentially the same mean performance time.**** This is supported by an analysis 
of the data in Appendix A. 
---------------
*Here predicted performance refers to mean expected values, with no predict;on of variab;lity. These mean expected values are the expected incentive performances at the three plants involved in the investigat;on • 
• **Sufficient statistical evidence is here taken as conclusive tests based on an ~ = o05o 
***Those were not tested because sample size was too small. 
****Specific F Tests are not recorded for those operations since the result is obv;ous from looking at Appendix Band a table of F values. 
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In summary, the results were generally characterized by a lack of 
any consistent trend in the analysis, the presence of control beyond 
that normally associated with a random process, extremes of both large 
and small variability and a s;gnificant disparity between predicted 
and actual performance. 
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.conclusions 
1ne hypothesis under investigation in this thes;s was stated as: 
·a direct correlation exists between methods changes and related produc-
tiv;ty changes in non machine-controlled work situations. It was pointed 
out that such correlation has meaning for industrial practitioners only 
if it exists on a broad scale. The conclusions resulting from the inves-
tigation of this hypothesis are outlined below. 
Pr;mary Conclusion 
This investigation has fai,led to support the validity of the hypoth-
es;s in question. This conclusion is based on the results obtained in 
the Analysis of Results and is stated in relation to the broad spectrum 
of industrial situations, not to isolated incidents. Such a conclusion 
requires the re-evaluation of much of current i ndustr;a1 wage payme·nt 
practice. 
Secondary Conclusions 
(1) There is evidence that environmental factors, exerted on the 
,. 
worker, are sometimes interjected through the worker ;nto 
a N:">rker-work situation. TI,is interjection destroys statis-
tical control, thereby eliminating all predictab;lity from 
the situation. 
(2) There is ev;dence that actual performance in work situations 
;s far from that expected by either management or by a mutual 
agreement between labor and management. 
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(3) There is no evidence to show that work measurement practitioners 
have either the knowledge or ability to correct work measure-
ment situations that are out of control. 
(4) There is no evidence to suggest the presence of any underlying 
••normal 11 vari abi 1 i ty in the s; tuati ons studied. 
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Recontnendat;ons for Further Study 
(1) A thorough, sophisticated quantitative investigation should 
• be conducted to determine the absence or presence (descrip-
tion and magnitude) of any underlying normal variability of 
performance in worker-work situations. 
(2) A controlled investigation should be conducted to determine 
the effect of such environmental factors as expected monetary 
reward and group influences on workers productivity on jobs 
covered by incentive standards. 
(3) An extension of this study to other industrial situations~ 
should be made. Although the author is confident the sample 
size was adequate to support the con~lusions listed ~~rlier, 
'· 
a broader investigation would undoubtedly supply additional 
;nformation about the underlying processes involved in work 
measurement situations. 
(4) An investigation should be performed to determ;ne the extent 
·• 
of operator control in worker-work situations covered by incen-
tives. 
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Appendix A 
'This appendix contains the raw data collected in this investiga-
tion. The data is plotted on the Data Collection Form. The figures 
listed under% EFF. VS. STD. (in this case% EFFICIENCY is considered 
. 
as% PERFORMANCE) are range midpoints. If a range contains an even 
number of integers, the midpoint was chosen as the lower of the middle 
two integ8rs (i.e. midpoint of range 96 to 105 is 100). 
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Al 1 performance figures· are based on time taken to complete a job 
lot~ This time varied from one hour to eight hours. 
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~pendix B 
This appendix contains a list of all the data plotted on· the data 
co 11 ec t; on forms in Appendix Ao In addition i t contains a 1 is t of means 
and standard deviations for each operator-work staiion-operation combina-
tion, both under the old method and new method of performing an opera-
tion. 
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Company · A-1 
Operator 250 
Operation Calibrat;on 
Observat;on 
Old 1 
Method 2 
3 
4 
5 
New 1 
Method 2 
3 
4 
5 
• 
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Data Li st* 
Sample 
Performance Mean Std. Dev. 
164 
171 
175 
170 
174 170~80 3.87 
173 
173 
173 
166 
173 171 .60 2.80 
*All calculations tabulated in this list were made by: 
Est. Pop. 
Std. Dev. 
4.32 
3.13 
(1) ," computer runs using scientific subroutines at the Lehigh Uni·-
versity Computer Center. Print outs of these runs are on 
file in the author 1s per,sonal files. 
· (2) Manual calculations based on accepted statistical p~actice as 
I outlined in any good statistical test -- i.e., Mi 1 ler, Irwin 
v and Freund, John E., Probability and Statistics for Engineers, 
·, .Englewood Cl; ffs, N. J., Prentice-Ha 11, Inc., 1965. 
:P: • 
i . 
.f 
.; 
} 
·, 
' 
Company A-1 
Operator 189 
OP!rat;on Calibration 
Observat;on 
Old 1 
Method :·2 
3 
4 
5 
~·- .• 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
New 1 
Method 2 
3 
4 
5 
6 
7 
;J 8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 • -1-~• 
20 
21 
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Performance 
182 
185 
185 
187 
188 
183 
191 
188 
191 
186 
184 
184 
184 
185 
183 
185 
186 
186 
186 
186 
187 
187 
189 
189 
189 
189 
189 
190 
,.189 
191 
192 
176 
177 
177 
170 
171 . 
----.-,,.~,,, 
'. ' 
.. 
I 
. ·., .. 
•{ 
Sample Est. Pop. 
Mean Std. Dev. Std. Dev. 
i, 
185.71 2.67 2.76 
o· 
'f 
·r 
'1 1 
·\. I, 
184.80 6.35 6.51 
Company A-1 
Operator 140 
·operation Calibration 
Observation 
Old 1 
Method 2 
3 
4 
5 
.'·6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
New 1 
Method 2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
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''! - . 
Sample Est. P..op. Performance Hean Std. Dev. Std. Dev. 
28 
78 
So 
126 
170 . 
169 
152 
160 
150 
168 
151 
151 
160 
170 138.47* 41.18* 42.62* 164 ( 160.40) 
~}(7.27) 
141 
I 161 ~ 
.. 
167 
178 
156 
182 
179 
178 
178 
178 
177 
178 171.08 11 .93 12.46 
*Includes all observations. Figures in brackets "'9re calculated exclud-
ing first four observations. lhese four observations were attributed 
to learning. 
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Company A-2 
Operator 2 
Operation Hand Assembly 
Observation -
Old 1 
Method 2 
3 
4 
New 1 
Method 2 
3 
4 
5 
6 
7 
8 
9 
'· ,,•,' 
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, 
Sample Est. Pop. 
Performance Hean Std. Dev. Std. Dev. 
105 
98 
100 
107 102 .50 3.64 4.20 
93 
118 
121 
118 
120 
120 
122 
121 
119 116.89 8.54 9.06 
-~·-
.. 
:, -~ • f ... ;:;_,.. 
-,. 
f 
.( :. 
,j/ 
• ..... 
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Company A-2 
Operator 1 
Operat;on Winding 
Observa ti on Performance Hean 
Old 1 121 
Method 2 124 
3 120 
4 122 121.75 
New 1 J, 98 
Method 2 110 
3 116 
4 121 
5 122 
6 118 
7 120 
8 121 
9 124 
10 121 117.10* 
(121.0) 
*Includes all data. Numbers in brackets exclude 
due to obv;ous learning effect. 
,. 
,I' ·, 
,.. 
Sample 
Std. Dev. 
1.48 
7.37* 
(1.83) 
Est. Pop. 
Std. Dev. 
1.71 
7.77 
first three observations 
' - -- .~ ... -., --' ...... (_•,',_: ___ ,._ f _I ,-. :•, • ,- •·'' - , .. • 
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Company A-2 
Operator A 
Operation CaJ;bration 
Observation 
Old 1 
Method 2 
3 
4 
5 
6 
New 1 
Method 2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
·J . 12 
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• t• ···-::: 
Performance 
127 
132 
129 
135 
132 
12.9 
116 
114 
122 
1-24 
119 
126 
123 
126 
125 
124 
128 
121 
Mean 
130.66 
122.33* 
(123.8) 
r " ·, 
Sample 
Std. Dev. 
2.62 
4.03* 
(2.64) 
,, 
Est. Pop. 
Std. Dev. 
2.88 
(; 
4.21 
*Includes all data. Numbers in brackets exclude first two observations 
due to obvious learning effect.. · 
.• 
• 9, 
-~· 
' 
\ 
,· /'·:(:.:.·;-,.:,:··.\···.·, /".'.. •'·.'·•.·, ·,,,.-:, 
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Company A-2. 
·Operator B 
Operation Calibration 
Observation 
Old 1 
Method 2 
3 
4 
5 
6 
New 1 
Method 2 
3 
4 
5 
6 
7 
8 
9 
10 
111 
12 
Per-formance 
112 
118 
120 
115 
117 
111 
98 
95 
106 
118 
114 
115 
118 
122 
117 
113 
119 
112 
*Includes all data. Numbers • brackets 1n f-) 
· tions due to obvious learn;ng effect. ,. 
Mean 
115.50 
112.25* 
(116.4) 
exclude 
- ..• ,.. -.__..,_,_, .• .• · •.. ••, .,.,.,,.,".\- .~.,.":I';(:.•.<.'\ 
Sample 
Std. Dev. 
3.20 
8.06* 
( 3.21) 
"' 
... 
. 
• 
Est. Pop. 
Std. Dev. 
3.51 
8.42 
'\ 
first three observa- \. 
~: 
Company B 
Operator N 
Operation P-P 
o:bservation 
Old 1 
· Method 2 
3 
4 
5 
6 
7 
8 
9 
New 1 
Method 2 
3 
4 
5 
6 
7 
8 
."" .. 9 
10 
1 1 
12 
13 
14 
15 
16 
17 
.. 
18 
19 
4 
20 
_ 21 
22 
23 
24 
25 
26 
·.i-' 
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Sample · Est. Pop. 
Performance Mean Std. Dev. Std. Dev. 
140 
140 
138 
131 
151 
174 
165 
157 
169 151 .67 14.50 15.38 
137 
143 
98 
92 
129 
118 
85 
114 
104 ,. 
100 
98 
78 
103 
"' 
155 
76 ... 
'"--· 
. ~- 135 !, • ·: • -
144 
150 
128 
139 
139 
Jc 143 81 
137 
129 
:•,.! 
118 119.19 23.71 24.18 
•' } 
J 
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Company B 
'.::· -~. 
Operator T 
/. 
" • .. , /· 
ceeration P-P 
Sample Est. Pop. Observation Performance Mean Std. Dev. Std. Dev. 
.. 
Old 1 135 Method 2 241 
3 205 
4 240 
5 212 
6 185 
7 170 
8 
.202 
9 181 · 
10 156 192.70 32.50 34.27 
New 1 117 Method 2 123 
3 129 
4 144 
5 153 
6 149 
7 163 
8 115 
9 136 
10 153 
1 1 163 
12 164 
13 143 
14 129 
15 94 
16 118 
17 164 
18 164 
. i' 19 89 . 
20 • , . 120 
·:• 21 142 
22 150 
23 167 
24 161 
25 150 26 142 
.. 
•; I 27 139 
.if ;:J 28 168 
29 147 144.57 23.11 23.45 30 143 
31 153 
32 166 
33 143 
34 214 
35 152 
' . 
f' -1. 
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.. :• < • 1 
' . 
Company B .. 
Operator B 
i 
l (. 
* j 
,_1 
oeerati on P-P 
,, 
,, 
-~ 
' 
; , ... 
.... ~• .. I L ·, '~f _. 
; 
f 
i Sample Est. Pop. ' Observation Performance Mean Std. Dev. Std. Dev. 
Old 1 138 
Method 2 174 
3 153 
4 171 
5 156 :_. 
6 164 
7 179 8 133 
9 128 
10 119 151.50 19.89 20.96 
•"' 
1 107 New 
Method 2 133 
3 123 
4 101 
5 101 'I 
'6 106 
7 140 
8 114 
9 86 
10 78 
11 129 
12 110 .., 
13 92 
14 101 
15 142 
16 164 
17 88 
.. 18 129 
. ;, 19 95 . ,, 
20 119 ! . 
i 
' 
21 
l 131 
I, 
i} 
3 22 116 
' 
., 
l . 23 97 I 
r 24 · 196 
25 163 
26 158 119.92 27.56 28.11 
'!. '!s, 
J 
·, 
.. 
; 
Company B 
Operator F 
Operation P-P 
Old 
Method 
New 
Method 
Observation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
. 13 
14 
·15 
16 
17 
18 
19 
20 
·21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
.77 ... 
Performance 
131+ 
118 
175 
150 
158 
134 
152 
144 
150 
185 
124 
121 
148 
120 
145 
136 
124 
131 
113 
155 
88 
100 
155 
159 
100 
72 
103 
104 
101 
128 
120 
143 
121 
86 
108 
122 
91 
93 
119 
118 
86 
102 
Mean 
116.45 
... 
r 
.... 
Sample 
Std. Dev. 
19.05 
22.40 
"" •. ,,_.' ; ,' •.I 
Est. Pop. 
Std. Dev. 
't. 
22.77 
a. 
, .. 
. ,· ~ •. < . ·: 
' ....... _,_,,._,_ 
. :'' 
. 1 
j 
l 
. ·:~. 
J 
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. Appendix C 
Statist;cal Analxsis of Data Collected Dur;ng the Investi·gat;on 
Notes about the analysis: 
(1) All raw data used ;n this analysis (including means and standard 
deviations) is listed in l;\Ppendix 8. 
(2) All statistical analysis is based on Hiller, Irwin and Freund; 
John E., Probability and Statistics for Engineers, Englewood 
Cliffs, N. J., Prentice-Hall, Inc., 1965 • 
(3) 
. ', .... ; 
• Whenever there was an obvious learning effect in the data, 
sample variances were calculated excluding observations due 
to this effect. These variances were used in the statistical 
analysis and are indicated in brackets in Appendix B • 
t r • ·1·. . ·1 
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F Tests* 
(1) Operator 250, Calibration Ope~ation 
= 1.91 
Therefore, both samples could have come from the same popula-
tion. 
(2) Company A-1, Operator 189, Calibration Operation 
F = (6035) 2 = 5.63 
(2o6]) 2 
F. 05(20,14) = 2.39 
Therefore, both samples could not have come from the same 
population. 
(3) Company A-1, Operator 140, Calibration Operation 
F = ( 11 e93) 2 = 2. 70 
(]027) 2 
Therefore, both samples could have come from the same popula-
tion. 
*Before any conclusions can be drawn about the correlation in question, 
it must be determined whether or not the data after a methods change 
came from the ·s.ame population as that before the methods change. The 
F statistic was chosen as the appropriat~ test statistic. F = s2/s 2 
1 2 
2 
where s1 is the larger sample variance. At all times in this series 
' j ' .. ~. 
f ,t raa. o tests Ho: IT, = ~ 2 and HA: ~. > ~, • An OA- = .05 was used, 
in accordance with established work measurement practice. 
~ ' ·. ~-·· . .-:: ..... -~-
., 
·~.. . ., 
•n I• l!,l"-•~ ~' 
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(4) Company A-2, Operator 2, Hand Assembly Operation 
As there was a change in the wage payment system between the 
Old Method and the New Method on this operation (this consti-
tutes a change in an independent variable), it will be excluded 
from s tat i st i ca 1 a na 1 ys i s • 
(5) Company A-2, Operator 1, Winding Operation 
F = (t.83) 2 = 1.53 
(1.48) 2 
F • 0 S ( 6, 3) = 8 • 94 
Therefore, both samples could have come from the same popula-
ti-on. 
(6) Company A-2, Operator A, Calibration Operation 
Both of these samples could obv;ously have come from the same 
population because the sample variances are almost ident;cal 
(2.64 vs. 2.62). 
• 
(7) Company A-2, Operator B, Calibration Operation 
Both of these samples could obviously have come from the same 
population because the sample variances are almost identical 
( 3.21 vs. 3.20). 
-ii, (8) Company B, Operator N, P-P Operation 
F = !23.71)2 = 2.57 F.05(2S,8) = 3.11 ( 14.50) 2 
' ' Therefore, both samples could have come from the same popula-
tion. 
(9) Company B, Operator T, P-P Operation 
F = (32 .. 50} 2 = 2.09 
(23011) 2 
Therefore, both samples ~ould 'have c .. 9ffle from the same popula- . 
tion. 
-·;· 
.I 
- -81-. 
( 10) Company B, Operator B, P-P Operation ~ ~-.-----
2 F = (27.56) = 1.92 
r (19.89) 2 
Therefore, both samples could have come from the same popula-
tion. 
(11) Company B, Operator F, P-P Operation 
' 2 F = (22.40) = 1.37 
(19.05) 2 
F.05(30,10) = 2.70 
Therefore, both samples could have come from the same popula-
tion • 
• I 
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1 Tests* 
This test is used to determine ,whether or not there is a signif;-
. 
. cant difference between the mean performances under the Old and New 
Methods. Only those operations where the data for both samples could 
have come from the same population ·were cons i de.red ( see preceedi ng sec ti on). 
(1) Company A-1, Operator 250, Calibration Operation 
~ = (17106-17008) 
-{ 4(2.8)2;4(;:87) 2 J-5.5(5+5~} = 0.377 
5+5 
H,,: M, f ""a ~=-ft/ It I > ta1.,,ll) t .02r ::. "::2..3 o 6 
11,erefore, there is no significant difference between the sample 
means. 
(2) Company A-1, Operator f4o, Calibration Operation 
~ ~ = ( 1 71 • 08-1 60 0 40) 
~-;( 1 ~ .9·;;~14(;:-27)2· 12.15(12+15-2) = 2.89 
12+15 
t •CJ : /. 7 0 8 
Therefore, there is a significan~ difference between the sample 
means. 
*Because of the sample sizes involved, the~ statistic, 
~ = (X1 -Xe) - .A 
2 2 (n1-1)s1 +{n2-1)S8 "1"2<n1+h2-2) 
"1+"2 
was chosen as the appropriate stat;stic to use in investigating the 
d;fference in sample means. In all cases Ho:J.J.,=M, (ll=o). The appro-. 
priate HA will be given with each test. An~= .05 was used in accord-
ance with established work measurement practice. 
-~:...--
I 
:-· ... -.... 
'.1 '·· 
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(3) Company A-2, Operator 1, Winding Operation 
~ = (121075=121.0) 
LA • ~ _...urr re zpc.at:: & rffle a_ 
{ 3(1.48)2+9(1.83) 2 4.10( 4+10-2) = .725 . 
4+10 
Therefore, there is no significant difference between the 
sample means. 
(4) Company A-2, Operator A, Calibration Operation 
~ = (130.66-123.80) 
{sc 2 .62 > 2 ~~ ·1 ;·.~4 > 2 6.12(6+12-2) = 5.22 
6+12 
t. or : f, 7 '-I O 
Therefore, there is a significant difference between the sample 
means. 
(5) Company A-2, Operator B, Calibration Operation 
0 :re, iiilllua rem 
.. 6.12( 6+12-2) = .553 
6+12 
. H"' : M' ,/t M' R <: [t / I t / -, t «ta } "f.uJ ; 2. . Ji O 
Therefore, there is no significant difference between the 
sample means. 
(6) Company B, Operator N, P-P Operat;on 
~ = 151067=11819 
~ s·c 14-~·~;r;;s(23:ti )2. 9.26(9+26-2) = 4.03 
9+26 ' 
·H,.:µ.>J.,lQ R= [-t/t >t~} t,oJ"= /. 6 'If 
, I 
Therefore, there is a significant difference between the sample 
means. 
,' 1. 
. ; '''." 
,: 
' 
' 
' ' 
. ,. 
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• 
(7) Company B, Operator T, P-P Operation 
~ = 192o70-144e57 
9(32.5)2+34(23.11) 2 10.35(10+35-2) = 5.29 
10+35 
[t ft~t~) 
Therefore, there is a significant difference between the sample 
means. 
(8) Company B, Operator B, P-P Operation '' 
~ = 151050-119092 
9(19.a9i2+2--;;z;7-:-;6)2 10.26(10+26-2) = 3.30 
10+26 
R -:: [ t. ft .,. t ~ } t . o.r : /, t 't J" 
Therefore, there is a significant difference between the sample 
means. 
- (9) Company B, Operator F, P-P Operation 
~ = 148.09-116.45 
·- 11 r:r:dill_..P Q Hb O I t:n:rA,... dP ;i,,, ... 
{10(19.05) 2+30(22.40) 2 11 • 31 ( 11 + 31 -2) 
11+31 
= 4.17 
R :t f t I t > -6.( ) 
Therefore, there is a sign;ficant difference between the sample 
means. 
·.f• ,-: 
' 
.. 4. 
,JJ·: 
.. ~ 
r 
,·I 
I 
':,·-/ 
. ,_I 
•. I 
'i 
'' 
,.,-J • 
' 
'r, , i i-. , ~ 
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Run Tests 
I ' 
• 
Run Tests are conducted according to the follow;ng theory: 
µ u = 2n1 "2 + 1 
"1+ n 2 
z = u-M 
u 
where)A. u = Estimate of population mean number of runs. 
U = Actual mean number of runs in sample. 
n1 = Number of occurrances above median. 
n2 = Number of occurrances below median. 
'ru = Estimate of population standard deviation of number 
of runs •. 
z = Standardized random variable. 
An cJ.... = .05 wi 11 be used, in accordance with accepted work measure-
ment practice. lnis gives a z critical= 1.96. In these tests 
t-/ 0 : V : ).A tJ o. n d J-J A : U ;/ Mu 
(1) Company A-1, Operator 189, Cal;bration Operat;on 
Median= 187 
"1 = 10 "2 = 9 
u = 3 
µ u = 2(10)(9) + 1 = 10.5 
10+9 
z = 3-10.5 = .3.55 
2.11 
: ~-· 
- . ,, ,~ ' 
• ·. ,:.~··: .·_., ... _,;'_.,t' __ j -~ - :;:.\0J:B..•i .. ~/:_.-.->~. 
------------------------~~ 
J, 
' ,· 
I 
I 
II 
l 
,. I 
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Therefore, fewer than a normal number of runs exist and it 
is assumed that the situation is subject to some external 
control. 
(2) Company B, Operator N, P-P Operation, New Method 
Median= 123 
n = 13 n = 13 1 2 
U = 10 
µ = 2(13)(13) + 1 = 14 
u 13+13 
q- = 2 • 1 3 o 1 3 c 2 o 1 3 • 1 3 -1 3 -1 3 > = 2 • so 
u { 1 3+ 1 3) 2 ( 13+ 1 3-1 ): -
z = 1 0-14 = 1 • 60 
2.50 
rherefore, it is assumed that a normal number of runs exists. 
(3) Company B, Operator T, P-P Operation, New Method 
Median= 147 
n = 17 1 
u = 14 
n2 = 17 
M.1J= 2(17(17) + 1 = 18 
17·+17 
r u = 2<11)<11)<2.11.11-11-11> = 2.92 
(17+17) 2(17+17-1) . 
z=14-18=1.37 
2.92 ... ;~ •.. '.t 
Tilerefore, it is assumed that a normal number of runs exists • 
. \ 
-~ 
1. 
2. 
4. 
5. 
6. 
a. 
10. 
11. 
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